Objective To compare the incidence of cancer among women with and without a history of pre-eclampsia. Design Cohort study. Setting Jerusalem perinatal study of women who delivered in three large hospitals in West Jerusalem during 1964-76. Participants 37 033 women. Main outcome measures Age adjusted and multivariable adjusted hazard ratios for cancer incidence for the entire cohort and for women who were primiparous at study entry. Results Cancer developed in 91 women who had pre-eclampsia and 2204 who did not (hazard ratio 1.27, 95% confidence interval 1.03 to 1.57). The risk of site specific cancers was increased, particularly of the stomach, ovary epithelium, breast, and lung or larynx. The incidence of cancer of the stomach, breast, ovary, kidney, and lung or larynx was increased in primiparous women at study entry who had a history pre-eclampsia. Conclusions A history of pre-eclampsia is associated with increases in overall risk of cancer and incidence at several sites. This may be explained by environmental and genetic factors common to the development of pre-eclampsia and cancer in this population.
Introduction
Pre-eclampsia, a common complication of pregnancy, is an important cause of short term morbidity and mortality in fetuses and mothers. Risk factors for this condition include nulliparity, previous hypertension, and high maternal weight. 1 Preeclampsia has been associated with increased long term mortality for mothers, mainly from cardiovascular causes. 2 The risk of cancer and risk of death from cancer have been inconsistently associated with pre-eclampsia (see table 1). A cohort study based on the Norwegian birth registry showed a relative hazard of 0.36 for cancer specific mortality among mothers who had had pre-eclampsia between the 16th and 36th week of pregnancy, but the 95% confidence interval was wide (0.12 to 1.11). 2 Another cohort study, based on the Swedish cancer registry, showed no association between pre-eclampsia and cancer of the cervix, endometrium, ovary, or breast. 3 A recent cohort study comparing women with and without a history of pre-eclampsia showed a non-significantly decreased rate ratio for breast cancer; however, pregnancy associated hypertension and specific placental abnormalities were significantly and independently associated with a decreased risk. 4 Furthermore, a large cohort study comparing women with pre-eclampsia or hypertension in their first pregnancy compared with those without showed a significant reduction in risk of breast cancer (rate ratio 0.81, 95% confidence interval 0.71 to 0.91). 5 Three case-control studies found a protective effect of pre-eclampsia on breast cancer with odds ratios ranging from 0.27 to 0.81; one of these, however, was based on only two cases of cancer among women with pre-eclampsia. [6] [7] [8] Another was based on a history of hypertension late in pregnancy rather than pre-eclampsia in itself. 7 Several studies have found that maternal pre-eclampsia reduces the risk of breast cancer up to fourfold in female offspring. 9 We investigated overall cancer incidence as well as incidence at specific sites in women in the Jerusalem perinatal study cohort.
Methods
The Jerusalem perinatal study cohort (92 408 offspring of 44 067 mothers) comprises all births in 1964-76 to residents of West Jerusalem. It was originally planned as a survey of pre-eclampsia, the condition being defined then as a systolic blood pressure of ≥ 140 mm Hg or a diastolic blood pressure or ≥ 90 mm Hg, or both, together with a proteinuria and oedema. (The currently accepted definition of pre-eclampsia does not include oedema 10 ). Baseline data were recorded by the study staff at the time of birth. 11 In 2000 we traced 40 455 (91.8%) of the mothers through the Israel population registry using the unique identity number assigned to all Israeli residents. The 8.2% who remained untraced included a high proportion of foreign nationals and temporary residents. We obtained information on vital status for 39 809 (98.4%) of the traced mothers, the remainder (1.6%) being unavailable for follow up because of emigration or assignment of new identity numbers.
Mothers were linked by way of their identity number to the Israel Cancer Registry, which was set up in 1961. Reporting of cases of cancer has been obligatory by law since 1981, but even before this reporting was considered relatively complete. 12 Quality control surveys are undertaken periodically, the last in 1993, indicating that records of breast cancer are 94.2% complete and records of ovarian cancer are 95.8% complete.
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Statistical methods
We compared the distribution of baseline characteristics as well as the risk of cancer in women with pre-eclampsia recorded at any birth in the cohort (1964-76) with those without pre-eclampsia. After studying the data using life table methods, we used bivariate and multivariate Cox proportional hazards models to assess the risk of cancers at all sites and at specific sites. We adjusted for age and for other factors associated with pre-eclampsia and cancers at specific sites. Age at entry to the cohort was introduced into the models as a continuous variable.
When assessing risk of breast cancer for all mothers, we adjusted for parity and age simultaneously. Age at entry corresponded to age at first birth for the 22 716 primiparous mothers at study entry. Other variables tested were social class (by husband's occupation), years of education, ethnic origin (west Asia (Iraq, Iran, Kurdistan, Yemen, India, Afghanistan, Turkey, Syria, Lebanon), north Africa (mainly Morocco), Europe or the Americas and other Western countries, or Israeli born), immigration, religion, insulin dependent diabetes mellitus, gestational diabetes, birth weight, and birth defects of the offspring. Follow up was from the first observed birth in the cohort to diagnosis of cancer, death, or 30 June 1999. We excluded women whose diagnosis predated entry into the cohort. The analysis was restricted to the 92% of women delivering in the three largest hospitals in West Jerusalem, in which recording of obstetric complications was deemed to be complete. A priori we also studied the subgroup observed from their first birth. For cancers at specific sites, we restricted the analyses to the 17 sites with at least 25 cases. We report hazard ratios, 95% confidence intervals, and two sided P values.
Results
The analysis included 37 033 women, of whom 99% were Jewish and 99% were married. Pre-eclampsia was recorded in 1070 (2.9%). Table 2 shows the baseline characteristics of women with and without pre-eclampsia. Pre-eclamptic women were older at baseline. Entry to the study cohort was at the first completed pregnancy for 57.8% for women with and 61.5% of women without pre-eclampsia. Ethnicity of west Asian origin was more common among women with pre-eclampsia (31.4%) than those without (28.6%). Women with pre-eclampsia were more likely to be of lower social class than those without. Fifty six (5.2%) women with pre-eclampsia had gestational diabetes compared with 349 (1.0%) women without. The median length of follow up was 29 years.
In total, 2295 first primary cancers were reported, including 978 (42.6%) of the breast. After pre-eclampsia there was an overall excess of cancer when all sites were combined (age adjusted hazard ratio 1.27, 95% confidence interval 1.03 to 1.57). The risk of breast cancer was significantly increased for pre-eclamptic women after adjusting for age and parity (1.38, 1.0 to 1.89). The risk of cancers of the stomach, ovary epithelium, and lung or larynx were statistically significantly increased after adjustment for age (table 3) . Multivariable adjustment did not substantially change the hazard ratios.
In the 22 716 women followed from their first birth there were increases in age adjusted risk of all cancers ( We compared the personal characteristics and outcome of cancer in 2766 women who were excluded from the analysis because they did not deliver in the study hospitals. These women were older at their first birth (mean age 27.3 years for excluded women versus 26.2 for included women) and were more likely to be non-Jewish (6.3% v 1.0%) or of European origin (47.2% v 34.7%). Cancer occurred in 194 (7.1%), of which 88 (45%) had breast cancer compared with 42.6% in the included cohort. Only 10 women in the excluded group had pre-eclampsia recorded, 
Discussion
In contrast to others (see table 1 ), we found an increased overall incidence of cancer and site specific increases in cancer of the stomach, ovary, and breast after pre-eclampsia, which was especially noticeable in women followed from their first pregnancy. Results for ovarian and breast cancer were not explained by parity, diabetes, ethnic origin, or social variables. Some, but not all, previous studies have found a protective effect of pre-eclampsia on breast cancer. This has been attributed mainly to decreased oestrogen levels, although recent studies have found that progesterone and androgen levels, rather than oestrogen levels, distinguish women with pre-eclampsia from controls. 9 14 15 Previous studies on pre-eclampsia have been carried out mainly in northern European or North American populations, as have the studies reporting a protective effect on risk of breast cancer.
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The longer follow up in our study may have brought to light associations not previously observed. 6 8 Furthermore, our analysis was restricted to those with and without criteria for pre-eclampsia and did not include all hypertensive diseases of pregnancy, which were coded separately in the database of the Jerusalem perinatal study. This contrasts with other studies that combined the two or studied hypertension in pregnancy. 5 7 We minimised the possibility of biases in selection and ascertainment by relying on a population based cohort with near complete follow up. Obstetrical care for residents of Israel was universally accessible and without charge throughout the study period. The possibility of differential reporting of cancer or ascertainment of cancer in the Israel Cancer Registry according to a previous history of pre-eclampsia is unlikely given the Israeli healthcare system. Recall bias cannot have played a part because pre-eclampsia was diagnosed and recorded at the time of delivery.
We adjusted for age and major risk factors for breast and ovarian cancers; however, we cannot rule out residual confounding. It may be difficult to extrapolate our findings to contemporary parturient women since the current definition of pre-eclampsia no longer includes oedema. Other limitations are the lack of data on the cohort before 1964 and after 1976, which would lead to an underestimate of pre-eclampsia in the cohort, especially among primiparous women at study entry. The possibility remains that some results may be chance findings, as the number of cancers at specific sites is small. Further follow up of this cohort will provide increased power to study these associations.
Ashkenazic (European Jewish) populations are at increased risk of particular cancers, such breast and ovarian cancers, due to mutations in BRCA1, BRCA2, BLM FANCC, and other genes involved in DNA repair; but only a third of our cohort originated in Europe. 17 18 Furthermore, genes that code for DNA repair are not known to contribute to pre-eclampsia. Other mutations in genes affecting thrombophilia or hyperhomocysteinaemia or those influencing angiogenesis and trophoblast invasion might be associated with both pre-eclampsia and cancer in our population. 19 20 We could not adjust for smoking history since data on this exposure were missing for about half the cohort. Nevertheless the finding of increased lung and larynx cancer among those with previous pre-eclampsia is intriguing given the purported protective effect of smoking in pre-eclampsia. 1 On the other hand polymorphisms in the human epoxide hydrolase (a detoxifying enzyme) gene have been associated with both lung and larynx cancer as well as pre-eclampsia, [21] [22] [23] providing a possible mechanism for this association. Evidence is emerging for differential effects of candidate genes in the pathogenesis of pre-eclampsia among different populations. 24 Alternatively, diet (for example, folate intake), insulin resistance, smoking, or patterns of infection might represent common pathways in the pathogenesis of cancer and pre-eclampsia, and their effects might be expected to differ between populations.
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